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Description 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The present application claims the benefit of 5 
United States Provisional Application Serial No. 
60/097,777 filed on August 25, 1998. 

FIELD OF THE TNVENTION 

10 

[0002] This invention generally relates to the. use of 
lock solutions for infusion into an indwelling intravascular 
catheter to inhibit infection related to the presence of the 
catheter. 

15 

BACKGROUND OF THE INVENTION 

[0003] Catheters are used with increasing frequency 
to treat patients requiring a variety of medical procedures. 
The catheters offer many advantages for patients; for 20 
example, catheters provide ready access without repeat- 
ed injections for administration of large volumes of fluids, 
nutrients, medications and withdrawal of blood. The cath- 
eters can either be acute or temporary for short-term use 
or chronic for long-term treatment. They are commonly 25 
inserted into central veins (such as the vena cava) from 
peripheral vein sites. Great care must be taken in the 
placement and use of a chronic catheter to prevent in- 
fection of the patient at the site of access or within the 
vascular system. Chronic venous catheters usually con- 30 
tain a DAC RON® cuff attached to the catheter and placed 
undertheskin, which promotes ingrowth of fibrous tissue, 
fixes the catheter in position, and prevents bacterial mi- 
gration around the catheter. 

[0004] Catheters can be used for infusion of fluids, 35 
such as, for example, drugs, electrolytes or fluids used 
in chemotherapy, or for the removal of blood on an inter- 
mittent basis. For example, in hyperalimentation treat- 
ment, the catheters are usually used for infusion of large 
volumes of fluids. In chemotherapy, catheters are used 
forinfusion of drugs on an intermittent basis, rangingfrom 
daily to weekly. For hemodialysis, dual-lumen catheters 
are used-usually three times per week; one lumen allows 
removal of blood, while the other lumen allows blood to 
return. However, catheters, especially chronic catheters, *5 
have drawbacks. They can become occluded by a throm- 
bus, and even if extreme care is taken, the catheters can 
increase a patient's risk of infection. 
[0005] In order to prevent clotting of the catheters be- 
tween uses, the catheters are usually filled with a lock so 
solution that comprises a concentrated solution of the 
commonly used anticoagulant, heparin (up to 10,000 
units of heparin per catheter lumen). The heparin lock 
solution is injected into each lumen immediately after 
each use, and preferably left in the catheter until the cath- 55 
eter is accessed again. The heparin lock solution must 
be withdrawn from the catheter before the next use be- 
cause infusing this amount of heparin in a patient might 



result in excessive bleeding. 
[0006] However, even with the use of a heparin lock 
solution, the catheter can become occluded between us- 
es from coagulation of blood in the catheter. Blood may 
be found in the catheter because, for example, an inad- 
equate volume of heparin was infused within the catheter 
lumen, the heparin diffused from the lumen, or residual 
blood remains in the lumen. This often results in formation 
of a thrombus with concomitant loss of flow through the 
lumen. The occluded catheters frequently are removed 
and/or replaced. 

[0007] Since catheters are inserted into veins or arter- 
ies, they bypass the protective dermis layer, and provide 
direct access to a patient's blood stream. This can cause 
the inadvertent transfer of infectious agents into the vein 
or artery at the location of the catheter. In addition, the 
foreign surfaces of catheters can create a smooth surface 
at which bacteria can grow, and at which the white cells 
are unable to surround or "phagocytize" the bacteria. 
[0008] Heparin has no anti-bacterial properties and, in 
fact, may help to promote growth of bacteria within the 
"biofilm" layer of protein on the catheter surfaces (pro- 
tamine has the opposite effect). The "biofilm" proteins on 
the cathetersurf aces can protect bacteria from antibiotics 
and white cells. Also, heparin induces the loss of platelets 
and, paradoxically, can induce clotting in some patients 
(the "white clot" syndrome). Since catheters, particularly 
venous catheters, are frequently accessed with syringes, 
or uncapped and directly connected to IV lines, they have 
a propensity to become contaminated. If there is bacter- 
emia (bacteria in blood), then the catheter surfaces within 
the vein or artery can become seeded with bacteria. In 
either case, the patient can develop septicemia (infection 
in the blood) and become seriously ill. Often these pa- 
tients must be hospitalized and given intravenous anti- 
biotics. In spite of this care, patients often remain seri- 
ously ill until the infected catheter is removed. 
[0009] Thus in light of the above described problems, 
there is a continuing need for advancements in the rele- 
vant field, including improved methods, composition and 
devices relating to enhancing the patency of indwelling 
intravascular catheters. The present invention is such an 
advancement and provides a wide variety of benefits and 
advantages. 

[0010] Sodemann K (Reprint) et al: (Journal of the 
American Society of Nephrology, (Sep 1997) Vol. 8, 
Supp. (S), PP. A081 1 -A081 1 , discloses the use of a cit- 
rate (3%)/gemaniycin (40 mg/ml) lock solution in an an- 
tibiotic lock technique for salvage and prevention of vas- 
cular catheter-related infections. 
[0011] Hesse A et al: (Urologia Internationalis 1989 
Switzerland, Vo. 44, No. 6, 1989, pages 364-369) dis- 
closes testing of a citrate lock solution with urinary tract 
models (including artificial urine) in orderto avoid encrus- 
tation and infection. There is a similar disclosure in a 
further publication from Hesse A et al (British Journal of 
Urology. England Oct 1992, Vol. 70, No. 4, October 1992 
(1992-10), pages 429-434). 
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[0012] US-A-5 688 516 (Raad Isaam et al) discloses 
use of a solution of an antibiotic (e.g. tetracycline) and 
(zinc) citrate for the prevention of infection occurring with 
indwelling catheters. 

SUMMARY OF THE INVENTION 

[0013] The present invention relates to catheter lock 
solutions for infusion into the lumen of an in-dwelling in- 
travascular catheter. 

[001 4] According to a first aspect of the invention there 
is provided the use of a citrate salt solution having a con- 
centration to eliminate infection and to reduce the likeli- 
hood of subsequent infection for the manufacture of a 
medicament in the form of a catheter lock solution for 
infusion into the lumen of an in-dwelling intravascular 
catheter of a patient having an infection or a substantial 
risk of infection related to the presence of the catheter 
wherein the lock solution comprises the citrate salt in a 
concentration range, in weight percent, of between 10% 
and 50%. 

[001 5] The catheter lock solution can include a viscosi- 

fying agent such as polyethylene glycol, glycerin, pol- 

yclycerin or mixtures thereof. 

[0016] The lock solution may be prepared to have a 

pH level iowerthan 6.5, more preferably between 4.5 and 

6.5. 

[0017] The lock solution has a density and a viscosity 
sufficient to maintain the lock solution in the lumen for a 
desired amount of time. Preferably the lock solution may 
have a viscosity of from 1 .5 mPa to 4.0 mPa. 
[001 8] A sufficient amount of the lock solution may be 
infused into the lumen of the catheter to fill, in percent by 
volume, between 80% and 100% of the internal volume 
of the catheter. 

[0019] According to a second aspect of the present 
invention there is provided the use of a bactericidal com- 
ponent including greater than 50% by weight, based on 
the weight of the bactericidal component, of a citrate salt 
for the manufacture of a medicament in the form of a 
pharmaceutically acceptable lock solution for infusion in- 
to the lumen of an in-dwelling intravascular catheter that 
has been surgically implanted into an animal having an 
infection or substantial risk of infection related to the pres- 
ence of the catheter. 

[0020] The lock solution employed in the second as- 
pect of the invention may comprise the citrate salt in a 
concentration range, in weight percent, of between 1 .5% 
and 50%, more preferably between 1 0% and 50%. 
[0021] Further objects/features, aspects, forms, ad- 
vantages and benefits shall become apparent from the 
description and drawings contained herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

FIG. 1 is a perspective view of one embodiment of 
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a catheter and syringe for infusing a lock solution 
into a catheter for use with the present invention. 
FIG. 2 is a graph plotting monthly incidence of sepsis 
in all patients of a hemodialysis unit. 
5 FIG. 3 is a graph plotting the number of vials of urok- 
inase used for catheter occlusion per month in a he- 
modialysis hospital unit. 

FIG. 4 is a graph plotting the longevity of one em- 
bodiment of a tunnel catheterfor use with the present 
10 invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] The lock solution enhances the patency of the 

is catheter and exhibits anti-coagulation and antibiotic ac- 
tivity. The lock solution provides particular advantages 
by increasing the longevity of catheters, reducing inci- 
dence of catheter occlusion, and reducing incidence of 
sepsis or bacterial infection in the patient. In addition, the 

20 lock solution used in the present invention can be used 
with or without other anticoagulant agents and/or other 
antibacterial agents. Further, certain lock solutions for 
use in the present invention can be infused into the pa- 
tient from the catheter in preparation for a subsequent 

25 use of the catheter without the necessity of withdrawing 
the lock solution from the catheter before infusion of ad- 
ditional fluids or medications. 
[0024] The catheters for use with the present invention 
typically can either be acute (temporary) or chronic (long- 

30 term) catheters surgically implanted in the animal. The 
catheters usually are inserted into a vein or artery. The 
catheters are typically used in varying intervals to admin- 
ister fluids, nutrients, and medications into the body. The 
catheters also can be used to withdraw body fluids, such 

35 as blood, for hemodialysis treatment. When not in use, 
thecatheterremainsinitsintravascularpositionuntilsub- 
sequent treatment is preferred 
[0025] The catheters used in accordance with this in- 
vention include known and commonly used catheters and 

40 are readily available from a variety of commercial sourc- 
es. The catheters may vary in configuration and size. 
One type of catheter commonly used in accordance with 
this invention is a tunneled catheter that includes a cuff 
for ingrowth of tissue to anchor the catheter. Examples 

4 5 of catheters that may be used include, but are not re- 
stricted to, an ASH SPLITCATH®byAsh Medical of West 
Lafayette, Indiana; TESIO® and ASH® CATHETERS by 
Medcomp of Harleysville, Pennsylvania; PERM CATH® 
by Quinton Instrument Company of Seattle, Washington; 

50 HICKMAN and VAS CATH® by Bard, Inc. of Salt Lake 
City, Utah. Catheters containing totally subcutaneous 
ports are also useful in the present invention; examples 
include LIFESITE® by Vasca of Topsfield, Maine, and 
DIALOCK® by Biolink, Inc. of Boston, Massachusetts. 

55 [0026] FIG. 1 depicts one example of a catheter 1 0 for 
use with this invention. Catheter 1 0 is a dual lumen cath- 
eter and includes an outer sheath 12 having a cuff 38 
and first and second lumens 14 and 16, respectively. 
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Lumens 14 and 16 extend from distal tip 18 through 
sheath 12 and exit from sheath 12 at connection 36. Each 
of lumens 14 and 16 include releasable clamps 20 and 
22, respectively. Each of lumens 14 and 16 terminate in 
a threaded end 24 and 26, which can be threadedly at- 
tached to protective end caps 28 and 30, respectively. 
Fluids including a lock solution can be infused or with- 
drawn from each lumen 14 and 16 by inserting needle 
32 of a syringe 34 through protective end caps 28 and/or 
30 after protective end caps 28 and/or 30 have been ster- 
ilized by cleaning successively, for example with beta- 
dine and alcohol. Alternatively, one or both protective 
end caps 28 and 30 can be removed and threaded ends 
24 and 26 can be threadedly attached via a connector 
(not shown) to lines for infusion or withdrawal of fluids 
(not shown). Once a desired treatment session has been 
completed, the needles are removed or the connectors 
are replaced with fresh, sterile protective end caps. The 
lumens are then typically flushed with normal saline, after 
which a lock solution is injected into each lumen. All pro- 
cedures are performed using standard sterile techniques 
well known to those skilled in the art. The catheters for 
use with this invention can be prepared from a variety of 
materials, including, for example, silicon, polyurethane, 
polyvinyl, silicone, or silastic elastomer. 
[0027] Chronic catheters are usually inserted through 
an internal jugular vein into the superior vena cava. Usu- 
ally these catheters include a cuff attached to the exterior 
of the catheter and placed under the skin, which promotes 
ingrowth of fibrous tissue, and thus fixes the catheter in 
position and prevents bacterial migration around the 
catheter. While the catheters are manufactured to func- 
tion for several months, for example, TESIO catheters 
can last for up to four years with proper intervention, In 
actual practice, the catheters, prior to the present inven- 
tion, have exhibited limited longevity because of occlu- 
sion and/or infection. These catheters frequently must 
then be removed and/or replaced. 
[0028] As mentioned above, in order to prevent clotting 
of catheters between use, catheters are commonly filled 
with lock solutions comprising an anticoagulant agent 
and sometimes a second agent having antibacterial prop- 
erties. It has unexpectedly been determined that citrate 
salt solutions as described herein exhibit surprisingly ef- 
fective antibacterial activity. In a series of tests, with a 
variety of bacterium spores injected into a 47% solution 
of citrate salts, a six-log kill is obtained in seven days for 
E.coli and P. aeruginosa, and in 21 days for S.Aureus. 
[0029] In accordance with the invention a catheter lock 
solution comprising a citrate salt is used to increase the 
patency of implanted catheters. As used herein, the term 
"lock solution" refers to a solution that is injected or oth- 
erwise infused into a lumen of a catheter and with the 
intention of allowing a substantial portion of a lock solu- 
tion to remain in the lumen until it is desired or required 
to access that particular lumen again, typically for addi- 
tional treatment, i.e., infusion or withdrawal of fluid. Pref- 
erably the lock solution can remain in the lumen for a 



desired amount of time lasting from about 1 hour to 3 or 
4 days or longer. However, frequently the lock solution 
is changed on a daily basis during regular care and sterile 
maintenance of the indwelling catheter. Use of a lock 

5 solution of the present invention provides particular ad- 
vantages for patients with catheters by prolonging the 
lifetime of the catheter, lengthening the interval between 
required replacements of the lock solution and inhibiting 
infections in the patient. 

w [0030] The lock solution employed in the present in- 
vention is preferably, but not exclusively, a hypertonic 
lock solution. The term hypertonic is used herein to refer 
to a fluid having an osmotic concentration and a density 
greater than the osmotic concentration and density of the 

*5 blood of the patient. The lock solution preferably com- 
prises a citrate salt with a concentration range, in weight 
percent, of from 10% to 40% with an osmolality of 300 
to 6400 nmol. More preferably, the lock solution compris- 
es citrate salt in a concentration range of from 20% to 

20 30%. 

[0031] In preferred embodiments, the lock solution is 
prepared to have sufficient viscosity and density to re- 
main in the lumen for a desired amount of time. It is well 
known that catheters are manufactured to have a variety 

25 of configurations and lumen diameters. For example, 
catheters can include single or double lumens. The dou- 
ble lumens can be fused adjacent to each other or they 
can be concentric. The lumens can have varying cross- 
sectional areas and shapes, ranging from substantially 

30 circular to substantially ovoid. A phenomenon common 
to most lock solutions is that a portion of the solution at 
the distal end of the lumen diffuses into the patient's blood 
stream and is replaced in the catheter by blood, While 
not intending to be bound by any theory, it is thought that 

35 the rate of diffusion of a lock solution from a lumen can 
be influenced by the cross-sectional shape and area of 
the particular lumen(s), the density of the lock solution, 
and the viscosity of the lock solution. Typically, high den- 
sity lock solutions tend to fall out of the lumen of the cath- 

40 eter, allowing blood to enter into the lumen. 

[0032] A lock solution used in the present invention is 
preferably prepared to have a viscosity and density such 
that a substantial portion of the lock solution does not 
diffuse or flow out of a catheter lumen within about 8 

45 hours. More preferably, the lock solution of the present 
invention does not diffuse out of a lumen to a substantial 
extent within 12 hours, still more preferably within 24 
hours. 

[0033] In a preferred embodiment of the invention, the 
so lock solution of the invention is prepared to have a se- 
lected density of from 1 .02 g/ml to 1 .04 g/ml and a vis- 
cosity of from 1 .5 mPa to 4.0 mPa. More preferably the 
lock solution has a density of from 1 .02 g/ml to 1 .03 g/mi 
and a viscosity of from 1 .5 mPa to 2.0 mPa. For example 
55 in a 1 0 French TESIO catheter studies with sodium citrate 
solutions, 46.7% by weight citrate with density of 1 .025 
and viscosity of 2.0 (by gravity viscometer) where found 
to remain within the cylindrical catheter for 3 days or 
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more, with the catheter suspended in a solution having 
viscosity of blood, 13 cP at 37°. in catheters such as the 
SPLITCATH®, with lumens having less hydraulic resist- 
ance, this solution will exit the catheter due to gravita- 
tional forces. A catheter lock solution comprising 23% by 
weight citrate, however, will remain in place for 3 days 
or more. 

[0034] The density of the lock solution can be varied 
by varying the amount of salts included in the solution, 
with 46.7% being appropriate for 10 French cylindrical 
catheters, and 23% being appropriate for the double-D 
shaped lumens of the SPLITCATH®. 
[0035] The viscosity of the lock solution can be varied 
by adding a viscosifying agent. Viscosifying agents useful 
with the present Invention include those pharmaceutical- 
ly acceptable agents known or commonly used in treat- 
ment of animals including humans. Examples include, 
but are not limited to, polyethylene glycol, glycerin, poly- 
gene, and non-metabolizable sugars such as sorbitol 
and mannitol and mixtures of these compounds. An ex- 
cellent embodiment of the invention, therefore is a com- 
position useful as a lock solution that comprises a citrate 
salt and a viscosifying agent. The viscosifying agent al- 
lows a higher concentration of citrate to be used without 
having egress of the lock solution from the catheter due 
to high density of the lock solution. 
[0036] While is understood that optimal viscosity and 
density are dependent upon the shape and size of a par- 
ticular lumen, a person of ordinary skill in the art, in view 
of the description herein, can readily determine a desired 
density and viscosity for a particular catheter without un- 
due experimentation. 

[0037] In a preferred embodiment, the lock solution is 
prepared to have a pH lower than that of the pH of the 
patients blood. For example, in humans, the locksolution 
may advantageously be prepared to have a pH lower 
than 6.5, more preferably, the lock solution is prepared 
to have a pH level of from 4.5 to 6.5. Still yet more pref- 
erable, the lock solution is prepared to have a pH level 
of from 5.0 to 6.5. The lower the pH, the greater the an- 
tibacterial effect of the citrate and the greater the caustic 
activity in dissolving clots. The pH of the catheter lock 
solution can be varied by adding either an acid or base 
according to methods known to those skilled in the art. 
For example, the pH of the catheter lock solution can be 
lowered by including a sufficient amount of citric acid to 
the solution to provide the desired pH level. 
[0038] The lock solution can be prepared to include a 
variety of other pharmaceutically acceptable agents. For 
example; the locksolution can include salts, such as, for 
example, sodium chloride and sodium heparin. The lock 
solution can also include a variety of other antibacterial, 
antimicrobial and anticoagulant agents. Such antibacte- 
rial and antimicrobial agents are well known to those 
skilled in the art andean include, without limitation, gen- 
tamicin, vancomycin, and mixtures of these agents. Ad- 
ditional anticoagulant agents include, for example 
heparin, urokinase, tissue plasminogen activation (tPA) 



and mixtures of these agents. 
[0039] By "pharmaceutically acceptable", it is meant 
that the lock solution and the included salts and other 
additives which are, within the scope of sound medical 

5 judgment, suitable for use in contact with tissues of hu- 
mans and lower animals without undue toxicity, irritation, 
allergic response, and the like, and are commensurate 
with the reasonable benefit/risk ratio. It is also typically 
necessary that a composition be sterilized to reduce the 

w risk of infection. For example, pharmaceutically accept- 
able salts are well-known in the art, for example, as found 
in S.M. Berge et al. described in detail in J. Pharmaceu- 
tical Science, 66:1 -1 9, 1 977. 

[0040] In yet another form, the present invention pro- 
fs vides a method of inhibiting infections in animals having 
an indwelling intravascular catheter. A compound having 
anticoagulant and antibacterial activity is selected, for 
example, the citrate salt such as trisodium citrate. A lock 
solution is prepared, including the compound having an- 
20 ticoagulant and antibacterial activity. The resulting lock 
solution is then infused into the lumen or a catheter. 
[0041] In accordance with the second aspect of the 
present invention, the lock solution (including a citrate 
salt) further includes a bactericidal component. The bac- 
25 tericidal component includes greater than 50% by weight 
based on the weight of the bactericidal component of the 
citrate salt. More preferably, the bactericidal component 
includes greater than about 75%, by weight based on the 
weight of the component, of the citrate salt. Still more 
30 preferably, the bactericidal component includes greater 
than about 90% of a citrate salt. 
[0042] Once a lock solution is infused into the lumen 
of the catheter, it is allowed to remain until that particular 
catheter or lumen is desired to be accessed again. The 
35 lock solution can be flushed directly into the patient with- 
out the necessity of removing the fluid before infusing 
fluids for subsequent treatment. Alternatively, the lock 
solution can be removed from the catheter prior to infu- 
sion or removal of additional fluid for further treatment. 
& [0043] When the lock solution of the present invention 
is injected into the lumen of the catheter, a sufficient 
amount of the lock solution can be injected to substan- 
tially fill the lumen of the catheter. Alternatively, a volume 
less than the amount of fluid needed to fill the catheter 
45 can be injected into the lumen. For example, a sufficient 
amount of lock solution can be injected into the catheter 
to fill 80 to 100% of the internal volume of the catheter. 
In yet another embodiment, an amount greater than the 
internal volume of the catheter can be injected. For ex- 
50 ample, an amount of the lock solution greater than or 
equal to about 1.1 times the internal volume of the cath- 
eter can be injected into the lumen, without adverse ef- 
fects on the clotting system of the patient. 
[0044] In yet another embodiment, the lock solution 
55 can be infused into the lumen or lumens of the indwelling 
catheter of patients exhibiting a risk of infection. Surgi- 
cally implanted catheters are used in the treatment of 
patients exhibiting a variety of health problems. It is well 
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known that certain health problems and/or patients ex- 
hibit increased risk of infection based upon historical ob- 
servation by those skilled in the art. The present invention 
provides distinct advantages when used on those pa- 
tients having an increased risk of infection by inhibiting 
infection in those patients. 

[0045] Patients may be screened for an infection or a 
substantial risk of infection related to the presence of the 
catheter. For those patients having such an infection or 
substantial risk of infection, a catheter lock solution pre- 
pared according to the present invention is infused into 
the lumen of the catheter. The catheter lock includes a 
citrate salt in a concentration effective to eliminate the 
infection and/or reduce the likelihood of subsequent in- 
fection. 

[0046] A lock solution as employed in the present in- 
vention has other advantages besides antibacterial prop- 
erties. If infused into a patient, citrate in the lock solution 
will be inactivated by calcium in the blood or calcium de- 
rived from body stores. When a lock solution having a 
hypertonic citrate concentration of 47% is used, the total 
amount of citrate in the lock solution contained in one 
lumen of a tunneled catheter is approximately 2 ml, con- 
taining 3.4 mM of sodium citrate. This amount of citrate 
is equal to the amount of calcium contained in 1.5 liters 
of blood. If infused rapidly, this amount of citrate could 
cause transient hypocalcemic symptoms, but would not 
anticoagulate the patient. Therefore, if a tunneled cath- 
eter is used forfluid infusion for a patient in the emergency 
room or operating room, the patient will not become an- 
ticoagulated just at the time when blood coagulation is 
important. 

[0047] For the purpose of promoting further under- 
standing and appreciation of the present invention and 
its advantages, the following Example is provided. 

Example Illustrating Use of Lock Solutions containing 
Citrate Salts : 

Methods 

[0048] Astudy utilizing concentrated citrate in the cath- 
eter lock solution was performed on an outpatient dialysis 
unit (RTC) with 60% of patients having chronic central 
venous catheters (50 catheters total, the majority ASH 
SPILTCATH® and the remaining TESIO® and HICK- 
MAN® catheters). At four-month intervals, the citrate 
concentration in the lock solution was increased from 
1 0% to 20% to 47%. Gentamicin was added at 3 mg/ml 
to the 10% and the 20% solutions, but not to the 47% 
citrate solution. The overall incidence of bacteremia in 
the unit was followed and the amount of urokinase used 
to open occluded or low-flowing catheters was recorded. 
The results were compared in incidences of bacteremia 
and use of urokinase in the unit before the implementa- 
tion of the lock solution containing citrate salts. 
[0049] Starting in 1994, all episodes of bacteremia in 
the outpatient hemodialysis unit were monitored and re- 



corded. Episodes were totaled each month, for all pa- 
tients, for patients with and without tunneled central ve- 
nous catheters, and for patients with and without cathe- 
ter-related explanations for bacteremia. The incidence 

s of bacteremia was calculated as the percent of patients 
in the unit developing bacteremia per month ("1%"=1 
bacteremic episode per 100 patients in the unit for one 
month, or 3.3 episodes per 1000 patient-months). The 
incidence was graphed each month, for the entire period 

10 since 1 994. 

[0050] During the period from January 1998 to July 
1999, there were 70 patients in this unit, with approxi- 
mately 60% having tunneled central venous catheters 
for chronic dialysis (40 catheters total). At the start of the 

is study, the most prevalent catheter in the unit was the 
Medcomp twin TESIO®, though there were a few Bard 
SOFT CELL® catheters. Starting in January 1998, the 
Medcomp ASH SPLITCATH catheter became the stand- 
ard tunneled catheter placed in patients beginning dial- 

20 ysis or needing catheter replacement. Almost all of these 
tunneled catheters were placed using the SITE-RITE ul- 
trasound device for I J localization. These catheters rou- 
tinely provided an average blood flow near 300 ml/min. 
[0051] The average monthly incidence of positive 

25 blood cultures in the unit was calculated for the time pe- 
riod from January 1998 through July 1998. During this 
time period, heparin was used as the standard catheter 
lock solution, with either 5,000 units or 10,000 units in- 
stilled into each lumen at exactly the catheter volume. 

30 The incidence of bacteremia during this period was 4.6%, 
which was higher than the average level since 1994. In 
August 1 998, hemodialysis patients were informed of the 
plan to change from heparin to sodium crtrate/gentamicin 
as the standard anticoagulant lock fortunneled catheters. 

35 From September to December 1 998, 1 0% citrate with 3 
mg/ml gentamicin was used as standard catheter lock, 
injecting slightly more than the catheter volume (2.5 ml 
total). From January 1 999 through April 1 999, 20% citrate 
with 3 mg/ml gentamicin was the standard catheter lock, 
injecting slightly more than the catheter volume (2.5 ml 
total). From May 1 999 to July 1 999, 47% citrate was the 
standard catheter lock, injecting exactly the catheter vol- 
ume. All citrate solutions were made from 47% stock so- 
lution, used straight from the 30 ml bottle or in combina- 

45 tion with saline and gentamicin. (46.7% trisodium citrate, 
"triCitrasol",Citra Anticoagulants, Inc., distributed by Ash 
Medical Systems, West Lafayette, IN). Patients were 
closely monitored for any evidence of adverse reactions 
each time the citrate concentration was increased. The 

50 monthly incidence of bacteremia was calculated for the 
1 0-month period during which citrate/gentamicin or 47% 
citrate was used for catheter lock, and compared to the 
baseline 7-month period by Two-tailed T Test (assuming 
equal variances). 

55 [0052] Also during this time period, the unit use of urok- 
inase (Abbott Laboratories) was monitored. The number 
of vials of urokinase use by the RTC unit was calculated 
on a monthly basis. The total number of vials ordered 
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and used by the unit each month in the period from Jan- 
uary 1998 through July 1998 was compared to the 
number of vials used after the conversion to citrate, from 
September 1 998 to July 1 999. After May 1 999, urokinase 
became unavailable, but before this time it was available 
on request. The number of vials used per month in the 
baseline period was compared to the number of vials 
after implementation of citrate/gentamicin or 47% citrate 
catheter lock, by Two-tailed TTest (assuming equal var- 
iances). 

[0053] During the study period, the longevity of tun- 
neled catheters was also investigated, since the preven- 
tion of infection of tunneled catheters is less important if 
other factors such as clotting or sheath formation limit 
the life of the catheters. All Ash SPLITCATH catheters 
placed in end-stage renal disease (ESRD) patients after 
January 1998 (including patients in two satellite outpa- 
tient units) were evaluated and the longevity of the cath- 
eters was determined. In all, 57 Splitcath catheters were 
placed in 57 patients. Failure was defined as any catheter 
being removed for any complication, whether due to in- 
fection or obstruction of flow. Longevity of catheters was 
determined using lifetable analysis. 
[0054] Since the outpatient unit has many patients with 
tunneled catheters, nurses and technicians use utmost 
care in opening the catheters and connecting to dialysis 
machines. The caps of the catheter are soaked in beta- 
dine for 5 minutes before the caps are removed. Nurses 
and technicians wear masks and gloves, and the patient 
wears a mask when the catheter is opened. New protec- 
tive caps are placed on the catheter following each pro- 
cedure. Catheters and connectors are inspected for leaks 
or evidence of damage, each treatment. 



1999), no urokinase was used for any catheter. In June 
and July of 1 999, urokinase was unavailable at the hos- 
pital, and the hospital had not yet substituted syringes of 
tissue plasminogen activator (tPA) for catheter infusion. 
5 However, no catheters were completely occluded or re- 
moved for flow problems during these months, so it did 
not appear that urokinase was required in this month. 

Catheter Survival 

10 

[0057] During the period from January 1998 to July 
1999, 57 ASH SPLITCATH® catheters were placed in 
57 patients in the RTC and satellite units, with an average 
follow-up of 8 months. One small satellite unit continued 
'5 using heparin for anticoagulant catheter lock, while the 
otherfollowed the RTC protocol of increasing citrate cath- 
eter lock concentration. During this period, catheters 
without signs of infection were not removed for bactere- 
mia, but only in patients in whom antibiotic therapy failed 
20 to clear signs of infection within 24 hours. Only 3 of the 
57 catheters were removed, 2 for concomitant infection 
which failed to clear, and one for decreased blood outflow 
rate. The lifetable analysis of longevity of these catheters 
indicates a 95% survival at one year (Figure 4). Interven- 
es tions in these catheters were few, and as discussed 
above, urokinase use was decreased as hypertonic cit- 
rate/gentamicin or 47% citrate were used as catheter 
lock. Mean catheter flow rate for the Splitcath® catheter 
remained approximately 300 ml/min during the study, 
30 with venous and arterial pressures below 250 mmHg (the 
pre-defined limit for pressures in these dialysis units). 

Conclusions/Discussion 



Incidence of Bacteremia 

[0055] The incidence of bacteremia in all 70 patients 
at the RTC unit was 4.5% of patients per month during 
the baseline period from January through July of 1998. 
Following the implementation of hypertonic citrate/gen- 
tamicin and then 47% citrate as catheter lock, the inci- 
dence of bacteremia decreased significantly to 1 .2% 
(Figure 2, P<0.001 ). There was a downward trend in bac- 
teremia as concentration of citrate was increased from 
10 to 20 to 47%. In the last three months of the study, 
when 47% citrate was used, the incidence of bacteremia 
has been zero. 

Utilization of Urokinase 

[0056] The use of urokinase in the dialysis unit during 
the baseline period was 41 vials per month, or approxi- 
mately 1 vial per patient with tunneled catheter per month. 
After implementation of hypertonic citrate/gentamicin 
then 47% citrate as catheter lock, the use of urokinase 
decreased to 20 vials per month, about Vfe vial per patient 
withtunneled catheter permonth (Figure 3, P=0.02). Dur- 
ing the last three months of this study (May, June, July 



35 [0058] In this study of tunneled catheters in a single 
dialysis unit, hypertonic citrate (1 0 or 20%) in combina- 
tion with gentamicin, or 47% citrate are at least as effec- 
tive as heparin in preventing clotting of the catheters. The 
use of urokinase to open these tunneled catheters does 

M not increase, and in fact significantly decreases after im- 
plementation of the citrate catheter lock solutions. 
[0059] Hypertonic citrate as catheter lock appears to 
decrease the incidence of bacteremia in a dialysis unit 
with a high percentage of patients with tunneled cathe- 

45 ters. When catheters are locked with 1 0% or 20% citrate 
containing 3 mg/ml gentamicin, the incidence of bacter- 
emia decreases significantly. An even greater decrease 
in incidence of bacteremia appears to occur with use of 
47% citrate alone (without gentamicin). Through a variety 

$° of actions, concentrated citrate is bactericidal and spor- 
icidal when tested in vitro. Therefore, it is expected that 
it would diminish the bacterial content of catheters after 
chance contamination of the catheter hub. On the other 
hand, a similar antibacterial effect could be obtained 

55 through the effect of citrate on biofilm; if the mild corrosive 
action of citrate helps to eliminate the biofilm, it would 
also eliminate bacteria trapped within the biofilm. The 
effect of citrate on bacterial contamination of catheters 
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can decrease risk of bacteremia in patients with catheters 
without the risk of developing resistant strains of the bac- 
teria (as will occur with antibiotic lock solutions). 
[0060] Of course, with proper care it is possible to uti- 
lize tunneled catheters for dialysis without an antibacte- 
rial solution infused. In a satellite outpatient hospital di- 
alysis unit, 20 stable ESRD patients are dialyzed, and 
the percentage and types of catheters (60% of patients, 
mostly having mostly SPLITCATH® catheters and some 
TESIO® catheters) are similar to those at the RTC unit. 
The unit uses the same precautions as the RTC unit in 
handling tunneled catheters. As opposed to the RTC, this 
unit has traditionally had a very low to zero incidence of 
bacteremia from any cause. In the period of January 1 998 
to May 1 999, this unit continued to use heparin as cath- 
eter lock solution, and had only one patient with bacter- 
emia during this period (representing 5% of all patients, 
for one month). For all other months the incidence of 
bacteremia remained zero. Urokinase use also remained 
low during the entire period. 

[0061 ] The problems of infection and occlusion of tun- 
neled catheters for dialysis are paralleled by the smaller 
catheters used in hospitalized patients with central ve- 
nous catheters, and in home patients with long-term TPN, 
chemotherapeutic and antibiotic administrations. Con- 
centrated citrate may also provide significant advantages 
in these patients, avoiding catheter clotting, infection and 
subsequent bacteremia. 



Claims 

1. The use of a citrate salt solution having a concen- 
tration to eliminate infection and to reduce the like- 
lihood of subsequent infection for the manufacture 
of a medicament in the form of a catheter lock solu- 
tion for infusion into the lumen of an in-dwelling in- 
travascular catheter of a patient having an infection 
or a substantial risk of infection related to the pres- 
ence of the catheter wherein the lock solution com- 
prises the citrate salt in a concentration range, in 
weight percent, of between 10% and 50%. 

2. The use of claim 1 wherein the lock solution includes 
a viscosifying agent selected from polyethylene gly- 
col, glycerin, polygeline and mixtures thereof. 

3. The use of claim 1 or 2 wherein the lock solution has 
a pH level between 4.5 and 6,5. 

4. The use according to any one of claims 1 to 3 wherein 
the lock solution has a density of between 1 .02g/ml 
to 1 .04 g/ml and a viscosity of between 1 .5 mPa and 
4.0 mPa. 

5. The use of a bactericidal component including great- 
er than 50% by weight, based on the weight of the 
bactericidal component, of a citrate salt for the man- 



ufacture of a medicament in the form of a pharma- 
ceutically acceptable catheter lock solution for infu- 
sion into the lumen of an in-dwelling intravascular 
catheter that has been surgically implanted into an 
5 animal having an infection or substantial risk of in- 
fection related to the presence of the catheter. 

6. The use of claim 5 wherein the bactericidal compo- 
nent includes greater than 75%, by weight based on 

10 the weight of the bactericidal component of the cit- 
rate salt. 

7. The use of claim 5 or 6 wherein the bactericidal com- 
ponent includes greater than 90% by weight based 

15 on the weight on the bactericidal component, of the 
citrate salt. 

8. The use of any of claims 5 to 7 wherein the lock 
solution includes a visosifying agent. 

20 

9. The use of any of claims 5 to 8 wherein the pharma- 
ceutically acceptable lock solution has a pH between 
4.5 and 6.5. 

25 10. The use of claim 5 wherein the lock solution com- 
prises the citrate salt in a concentration range, in 
weight percent, of between 1 .5% and 50%, 

11. The use of claim 10 wherein the lock solution corn- 
so prises the citrate salt and a concentration range, in 

weight percent, of between 10% and 50%. 

1 2. The use of any of claims 1 to 1 1 , wherein said citrate 
salt comprises a sodium citrate salt. 

35 

13. The use of any one of claims 1 to 12 wherein said 
lock solution includes citrate as the sole antibacterial 
agent. 

40 

Patentanspruche 

1. Verwendung einer Citratsalzlosung mit einer Kon- 
zentration zum AusschluB einer Infektion und zur 

45 Verminderung der Wahrscheinlichkeit einer Folge- 
infektion fOr die Herstellung eines Medikaments in 
Form einer Katheterschleusenl6sung zur Infusion in 
das Lumen eines intravaskul&ren Verweilkatheters 
eines Patienten mit einer Infektion oder mit erhebli- 

50 chem Infektionsrisiko in Verbindung mit dem Vor- 
handensein eines Katheters, wobei die Schleusen- 
losung das Citratsalz in einem Konzentrationsbe- 
reich zwischen 1 0 Gew.-% und 50 Gew.-% aufweist. 

55 2. Verwendung nach Anspruch 1 , wobei die Lflsung ein 
viskositStserhShendes Mittel enthait, das unter Po- 
lyethylenglycol, Glycerin, Polygelin und deren Ge- 
mischen ausgewShltist. 
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3. Verwendung nach Anspruch 1 oder 2, wobei die 
Schleusenlosung einen pH-Wert zwischen 4,5 und 
6,5 aufweist. 

4. Verwendung nach einem der Anspruche 1 bis 3, wo- 
bei die Schleusenlosung eine Dichte zwischen 1 ,02 
g/ml und 1 ,04 g/ml und eine Viskositat zwischen 1 ,5 
mPa und 4,0 mPa aufweist. 

5. Verwendung einer bakteriziden Komponente, die, 
bezogen auf das Gewicht der bakteriziden Kompo- 
nente, mehr als 50 Gew.-% eines Citratsalzes ent- 
halt, fur die Herstellung eines Medikaments in Form 
einer pharmazeutisch akzeptierbaren Katheterscht- 
eusenlosung zur Infusion in das Lumen eines Ver- 
weilkatheters, der einem Tier mit einer Infektion oder 
mit erheblichem Infektionsrisiko in Verbindung mit 
dem Vorhandensein eines Katheters chirurgisch im- 
plantiert worden ist. 

6. Verwendung nach Anspruch 5, wobei die bakterizide 
Komponente, bezogen auf das Gewicht der bakte- 
riziden Komponente, mehr als 75 Gew,-% des Ci- 
tratsalzes enthalt. 

7. Verwendung nach Anspruch 5 oder 6, wobei die bak- 
terizide Komponente, bezogen auf das Gewicht der 
bakteriziden Komponente, mehr als 90 Gew.-%des 
Citratsalzes enthalt. 

8. Verwendung nach einem der Anspriiche 5 bis 7, wo- 
bei die Schleusenlosung ein viskositatserhohendes 
Mittel enthalt. 

9. Verwendung nach einem der Anspriiche 5 bis 8, wo- 
bei die pharmazeutisch akzeptierbare Schleusenlo- 
sung einen pH-Wert zwischen 4,5 und 6,5 aufweist. 

10. Verwendung nach Anspruch 5, wobei die Schleu- 
senldsung das Citratsalz in einem Konzentrations- 
bereich zwischen 1,5 Gew.-% und 50 Gew.-% auf- 
weist. 

11. Verwendung nach Anspruch 10, wobei die Schleu- 
senlbsung das Citratsalz in einem Konzentrations- 
bereich zwischen 10 Gew.-% und 50 Gew.-% auf- 
weist. 

12. Verwendung nach einem der Anspriiche 1 bis 11, 
wobei das Citratsalz ein Natriumcitratsalz aufweist. 

13. Verwendung nach einem der Anspruche 1 bis 12, 
wobei die Schleusenlosung Citrat als einziges anti- 
bakterielles Mittel enthalt. 



Revendicatlons 

1 . Utilisation d'une solution de sel citrate ayant une con- 
centration pour eliminer une infection et reduire la 

5 probability d'une infection subsgquente pour la fa- 
brication d'un medicament sous la forme d'une so- 
lution de remplissage de catheter a infuser dans la 
lumiered'uncath^terintravasculaireademeured'un 
patient ayant une infection ou un risque substantiel 

10 defection liee a la presence du catheter, dans la- 
quelle la solution de remplissage comprend le sel 
citrate en une gamme de concentration, en pourcen- 
tage en poids, entre 10% et 50%. 

is 2, Utilisation selon la revendication 1 , dans laquelle la 
solution de remplissage inclut un agent conferant de 
la viscosite choisi parmi un polyethyleneglycol, la 
glycerine, une polygefme et des melanges de ceux- 

ci. 

20 

3. Utilisation selon la revendication 1 ou 2, dans laquel- 
le la solution de remplissage a un niveau de pH entre 
4,5 et 6,5. 

25 4. Utilisation selon I'une quelconque des revendica- 
tions 1 a 3, dans laquelle la solution de remplissage 
a une masse volumique de 1,02g/ml a 1,04g/ml et 
une viscosite entre 1 ,5 mPA et 4,0 mPa. 

30 5. Utilisation d'un constituant bactericide incluant plus 
de 50% en poids, sur la base du poids du constituant 
bactericide, d'un sel citrate pour la fabrication d'un 
medicament sous la forme d'une solution de rem- 
plissage de catheter pharmaceutiquement accepta- 

35 ble a infuser dans la lumiere d'un catheter intravas- 
culaire a demeure qui a ete implante chirurgicale- 
ment dans un animal ayant une infection ou risque 
substantiel d'infection liee a la presence du catheter. 

M 6. Utilisation selon la revendication 5, dans laquelle le 
constituant bactericide inclut plus de 75% en poids, 
sur la base du poids du constituant bactericide, du 
sel citrate. 

*5 7. Utilisation selon la revendication 5 ou 6, dans laquel- 
le le constituant bactericide inclut plus de 90% en 
poids, sur la base du poids du constituant bacterici- 
de, du sel citrate. 

50 8. Utilisation selon Tune quelconque des revendica- 
tions 5 a 7, dans laquelle la solution de remplissage 
inclut un agent conferant de la viscosite. 

9. Utilisation selon I'une quelconque des revendica- 
55 tions 5 a 8, dans laquelle la solution de remplissage 
pharmaceutiquement acceptable a un pH entre 4,5 
et 6,5. 
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10. Utilisation selon la revendication 5, dans iaquelle la 
solution de remplissage comprend le sel citrate en 
une gamme de concentration, en pourcentage en 
poids, entre 1 ,5% et 50%. 

5 

11. Utilisation selon ia revendication 10, dans Iaquelle 
la solution de remplissage comprend le sel citrate 
en une gamme de concentration, en pourcentage en 
poids, entre 1 0% et 50%. 

10 

12. Utilisation selon Tune quelconque des revendica- 
tions 1 a 1 1 , dans Iaquelle ledit sel citrate comprend 
un sel citrate de sodium. 

13. Utilisation selon Tune quelconque des revendica- 15 
tions 1 a 12, dans Iaquelle ladite solution de remplis- 
sage inclut du citrate en tant qu'unique agent anti- 
bacterien. 

20 
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